Abstract
parametrically. While simultaneous modeling of different adjacent buildings would be possible 27 from the beginning, by resorting to simple physical models the cases susceptible to impact under 28 harmonic loads are identified first with much less effort. Then comprehensive models containing 29 two nonlinear multistory shear buildings connected at the base with suitable springs & dampers 30 and impacting at story levels are developed. The system is analyzed under selected ground 31 motions. It is shown that impact and cross-interaction have an increasing effect on lateral 32 displacements for stiff and heavy structures and a decreasing effect for other cases. Also, the 33 shear forces of stories increase and decrease in upper and lower stories, respectively, as a result of
Introduction

40
The increase of population and existence of a limited available habitable urban space have 41 resulted in densely located buildings in most busy places. Concentration of tall buildings and 42 skyscrapers in downtowns has made possible the occurrence of a special seismic phenomenon: 43 pounding of adjacent structures. In Alaskan earthquake of 1964, the 14-story building of 44 Westward Anchorage hotel was damaged because of pounding to a shorter 6-story adjacent 45 3 responses for two cases of fixed-base and flexible base conditions and concluded that pounding 97 and SSSI altogether resulted in a more severe response. 98 The apparent importance of cross-interaction between adjacent structures on pounding and 99 the very few relevant research works on the subject is the incentive of this study. In this work, 100 first the cases susceptible to pounding are identified using simple lumped parameter models of 101 adjacent systems and then a rigorous analysis is implemented on multi-story structural models 102 using ground motion records. The cases for which pounding should be a concern are introduced 103 parametrically and the effects of pounding on seismic response are investigated. As advantages of 104 the present work, the nonlinear behavior of structures is included and more detailed results on 105 structural behavior like distribution of story shears and story ductility demands are presented. 
The analytical model
156
The model under study with the degrees of freedom for each adjacent system is shown in Fig.   157 3. In Fig. 3a , m i , m bi , I i , I bi , c i , k i , and, h i (i=1,2), are the structure's mass, total mass of base 158 (including foundation and the added mass of underlying soil), mass moment of inertia of 159 structure, total mass moment of inertia of base (including foundation and the added inertia of 160 underlying soil), damping of structure, lateral stiffness of structure, and, height of structure's 161 mass, respectively, and subscript i is the label of structure (on the left, i=1 and on the right, i=2). 2  1  2  rc  1  2  rc  2  r  2  b2  2  2  2  2  b2  2 
It is preferred in this study to develop and utilize the non-dimensional form of the above 172 equations. Then, it can be shown that the above equations are summarized in matrix form as: h is the aspect ratio of structure i. The lumped parameter stiffness, damping and 187 mass properties of the base are given in Table 1 for uncoupled and in Table 2 for coupled   188 parameters.
189
The values in Tables 1 and 2 It is to be noted that no pounding is considered in Eq. 10. The purpose of studying the 195 response of the system using the above equations is identifying the cases with highest 196 possibilities of pounding. Then in the nonlinear dynamic analysis of the system under ground 197 motion, only such cases will be investigated. This procedure prevents examining irrelevant cases. 
Numerical analysis for free vibration
199
The system is analyzed for undamped free vibration using Eq. 10 by omitting the damping 200 matrix and the load vector on the right side. The stiffness matrix of Eq. 10 given in Appendix A is generally non-symmetric except when 226 the two structures are the same. Therefore, the averages of the associated non-diagonal elements 227 are used in their places to keep the eigen-value problem in its real form.
228
Results of calculating the natural frequency ratio 
272
For this purpose, first, the relative displacement amplitude, ū r , is calculated from Eq. 16: 
328 with i = 1 for the left and i = 2 for the right structure, and a double dot shows the acceleration. 329 Also, Dj f , damping force of the j th story is calculated as: The equation of motion of the whole body of each structure, including its foundation, in the 352 horizontal direction is:
355 in which again where the  sign appears, it is plus for i=1 and minus for i=2. Finally, the 356 equation of motion of each structure including its foundation in rocking motion is: 
The dynamic characteristics
370
The characteristics of the system of Fig. 11 should be taken such that pounding can realy 371 happen so that its effects can be studied. The cases for which occurrence of pounding is a strong The factor t c is 0.07 for an RC frame. The variation of n with c s and s is shown in Fig. 13 .
376
The same information is presented also in Table 3 for the ease of reference. In Table 3 , T is 377 the fixed-base first-mode structural period that is determined from Eq. 14 or eigen-value analysis.
378
Because of computation time, it is desired to limit the number of stories to 20. Then, from Table   379 3, 2.5 s ≤ and c s =100m/s. For the two structures of Table 4 . 
427
Pounding occurs for all conditions at a level corresponding to the roof of the 10-story building.
428
For the taller (20-story) building, SSI decreases the FB response up to 25% and 38% but SSSI 429 increases it to 61% and 34% for Elcentro and Manjil, respectively. In the shorter (10-story) 430 building, while SSI increases the FB response up to 35% and 140% for the same records, the 431 SSSI has a small effect on it (maximum 17% increase for Manjil). This fact shows the strong 
Conclusions
514
In this paper the problem of pounding between adjacent multi-story buildings was studied by 515 taking the soil-structure interaction (SSI) and structure-soil-structure interaction (SSSI) into 516 account. Study of the latter effects has been largely skipped in the relevant literature.
517
The research was implemented in two parts. First, a simplified model containing structures 518 having a single degree of freedom in the fixed-base condition was examined with no pounding. where the cross-interaction damping factor ψ is calculated from Table 2 for horizontal ( where the cross-interaction stiffness factor Γ is calculated from Table 2 for Tables   823  824   Table 1 825
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